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PREFACE

This is Part II of a two-part Report prepared under a continuing
Rand study, sponsored by the Defense Advanced Research Projects Agency,
of selected areas of Soviet science and technology. It presents data
from open-source literature on Soviet seismographs -- most of them
developed since 1960 -- and on their components and related equipment.
Part I, R-1204-ARPA, publisb:d in May 1974, contains a general descrip-
tion of Soviet seismographic s_ations, with particular emphasis on
seismograph systems, instrumental constants, and seismograph magnifica-
tion curves.

The Report is intended primarily for U.S. seismologists working
with Soviet seismic data and for those interested in recent Soviet
instruments developed for seismological research and in their ability
to record both natural and man-made seismic events. Soviet strong-motion
and vibration-and-blast seismographs are dealt with in a separate Report
by the same author, Soviet Strong-Motion and Vibration-and-Blast Seis-
mographs, R-1652-ARPA, July 1975.
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SUMMARY

This R2port is the second of two parts dealing with Soviet seis-

*
mographic stations and seismic instruments. It deals mainly with

seismic instruments and components developed since 1960 and thus excludes
such older models as the SX broadband, general-purpose seismograph, the
short-period SKh and SKM instruments, and the Galitzin seismographs,

a few of which are still in operation.

This Report is divided into six chaptars. ‘iapter I deals with
short-period and intermediate-band seismozrariis and includes detailed
descriptions of seismometers, galvanometer ., amplifiers, recording
systems, and the best known seismograph systems formed by combining
these components. Chapter II examines long-period instruments, including
the excellent long-period galvanometers developed in the Soviet Union,
East German galvanometers, and long-period seismo ‘eters and seismographs.
Chapter III is devoted to special seismograph station networks, the
SovI:t equivalent of seismic arrays. Considerable information is
available on the KOD digital seismograph networks, which were developed
exclusively for detection and identification of nuclear explosions,
on the more recent Triangle network, and on the simple networks for
earthquake prediction in Tarakent and Alma-Ata. Chapter IV summarizes
the relatively scarce data on short-to-intermediate period and long-
period, multipl: band-pass, spectral analyzing seismographs consisting
of a seismometer, a variable-gain, broadband amplifier, band-pass channel
filters, and a light-beam oscillograph. Chapter V reviews Soviet strain-
meters. Time-service equipment, magnetic drum recorders, and analog-
to-digital converters are reviewed in Chapter VI.

The Report summarizes all of the useftul information on seismic

instruments published in Soviet scientific literature through June 1975.

*Part I, R-1204-ARPA, published in May 1974, summarizes the data on
168 seismographic stations known to be operating in the Soviet Union in
1970 and on their seismographs. A separate Report, Soviet Strong-Motion
and Vibration-and-Blast Seismographs, R-1652-ARPA, was published in
July 1975.
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:
(Dozens of articles beyond those listed in the bibliography were used
to evaluate certain contradictory data that appeared in des.riptions
of earlier models of instruments and components.) As a result of a
time lag between the development of an instrument or a component and
publication of its description this Report probably reflects the status
of Soviet seismographic instruments at the end of 1972. Wherever

possible, the technical specifications given refer to the latest model

of the instrument.
The Report includes two appendixes. Appendix A gives the technical
specifications of Soviet computers used in seismology. Appendix B

summarizes information on Soviet seismographic stations that has become

available since the publication of Part I of this Report.

The most important conclusions concerning Soviet seismographic

instruments are as follows:

(1) Short-period seismometer design is constrained by a tendency
toward massiveness, probably ¢he result of low-output coil-
magnet systems and noise levels in amplifiers and galvanometers.

Magnification of 2v,000 to 50,U0C at 1 Hz is considered high

gain. Even the borehole 1-Hz seismometer is a zero-length-
spring pendulum design.
(2) Soviet seismologists show more interest in systems with flat

response in the 1-to-10-sec period band than do U.S. seis-
mologists. Except possibly for the most recently designed,
experimental SVD-III and feedback-controlled models, Soviet
long-period seismometers, with upper-period limits of near

25 sec and peak system magnifications of 1000, are apparently

not as mechanically and geometrically precise as the modern

[ U.S. Press-Ewing types.
(3) Wide use is made of mechanical gain (or attenuation). This is

obtained by varying the coil position relative to the center

of oscillation of the pendulum.




(4)

(5)

(6)

(7)

(8)

(9

(10)

(11)

In shaping response curves of Soviet instruments, much greater
use is made of heavy damping than is made in the more conven-
tional, rritically damped models common in U.S. systems.
Galvanometers are well developed for short-period applications
and reflect the current state of the art at 100- to 500-sec
periods.

The noise of older Soviet solid-state ampiifiers is one to two
orders c¢f magnitude higher than that of U.S. models.
Frequency-modulated magnetic tape recording, while not stand-
ardized, seems to be well developed for slow-speed work, with

reasonable signal-to-noise ratios.

Digital systems are few, special purpose, and rather primitive.

FM telemetry, both RF and audio frequency, is in use at a few
networks, but not generally applied.
Photo-optical technology is well developed as evidenced in the

microphotorecorder.

In recording, the emphasis seems to be on obtaining the records

with the response needed in analysis -- as opposed to broadband,

wide-dynamic-range recording and subsequent processing. This
is also partially true in the few digital systems, where
limited word lengths and sample rates necessitate some degree
of signal conditioning. This is doubttess a consequence of
the inaccessibility of computer-processing facilities for

routine seismological studies.
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{. SHURT-PERIOD AND INTERMEDIATE-BAND
SEISMIC INSTRUMENTS

A. SEISMOMETERS

1. KS [1]

The recently developed short-period, high-gain KS seismometers
(Fig. 1) are designed primarily for visual recording of the vertical
and horizontal components of displacement. Both the horizontal
(KS-G) and vertical (KS-V) seismometers are pendulum instruments
equipped with a single moving-magnet, stationary-coil transducer with
electromagnetic damping and a magnetic shunt which makes it possible to
adjust its sensitivity 10 to 15 percent. The natural period of KS
seismometers is adjustable between 0.8 and 4 seconds. The seismom-
eters are intended for operation under stationary and field condi-
tions at temperatures between -30°C and +"0°C and a relative humidity
of up to 95 percent. 7The technical specifications of KS are as

follows:

Natural period ................. 1.5 sec (nominal)
Reduced length ..........c0000.. 0.18 m

Moment of inertia .............. 0.35 kg'm?
Signal-coil sensitivity* eeseses 300 V/(m/sec)
Damping-coil sensitivity* evesss 280 V/(m/sec)
Calibration-coil sensitivity* .. 15 V/(m/sec)
Signal-coil resistance ......... 1250 ohms
Damping-coil resistance ........ 1100 ohms
Calibration-coil resistance .... 160 ohms
Dimensions .. .ceeeevnenn. cevese 85.8 x 36.6 x 42.2 cm
Weight ......civvvvaiiiiiiaiea.. 84 kg

*
The coil sensitivity (Scoil) is the coil output for motion,

velocity in m/sec, of the center (f oscillation of the pendulum, which
is the steady point of the pendulum for high-frequency motion. Coil
sensitivity can be converted to the generator constant by multiplying
it by the reduced length and dividing by the distance between the hinge
and the coil.

R el e G e 2 __—
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Fig. 1 -- Schematic drawings of the KS-V and KS-G seismometers [1]
- inertial mass

- axis of rotation of the pendulum

- moving magnet

- fixed coil

pendulum-equilibrium-adjustment knob

- period adjustment knob

- magnetic shunt

- zero-length spring

- frame
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2. SKM-3 [1,2]

The standard, widely used, short-period SKM-3 seismometers
(Fig. 2) are designed primarily for galvanometric recording of the
vertical and horizontal components of displacement with amplitudes
between 0.01 ym and 1 mm in the period range 0.2 and 10 to 15 sec.
Each horiznnutal (SGKM-3) and vertical (SVKM-3) seismometer is a high-

gain, pendulum instrument equipped with an electromagnetically damped




Fig. 2 -- Schematic drawings of the SVKM-3 and SGKM-3 seismometers [1]
1 - pendulum

- permanent magnet

- signal coil

- suspension wire

flat hinges

- two pairs of crossed flat hinges

- helical spring
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E moving-coil transducer. The natural periol of SKM-3 seismometers is
adjustable between 1 and 10 seconds. They are intended for operation
under stationary and field conditions at temperatures between -30°C
and 440°C and a relative humidity of up to 95 percent. The technicai

specifications of the SKM-3 are as follows:

Natural period ........ccvvve... 1.6 sec (nominal)
3 Reduced length ............ ceee. 0.16 to 0.17 m

Moment of inertia ............ .. 0.3 kg-m2

Signal- and damping-coil
SENSItiVIti€S +eecesseeneceeesss 60 to 70 V/(m/sec)

Signal- and damping-coil
resistances .c.eceecssssccesss.. 40 ohms

DimenSionS e.ceeecececessseesasss 31 x 38 x 75 cm

Weight vevevvoncecencnssesesssss 50 kg

3. USF-3M [1,2]

The USF-3M is a short-period, high-gain pendulum seismometer with
electromagnetic damping designed for galvanometric and visual recording
of either vertical or horizcntal components of displacement. It is
equipped with a signal and a damping coil inserted into separate air
gaps of a permanent magnet. Figure 3 shows the pendulum and the coil-
magnet assembly of the USF-3M. High sensitivity of the transducer is achieved
py allowing both the coils and the magnet to move in opposite directions
and by connecting the coils to the pendulum by means of a lever. The
natural period of the USF-3M seismometer is adjustable between 0.2 and
3 sec. The USF-3M is changed from a horizontal to a vertical seismometer
and vice versa by rotating the seismometer assembly 90° around the hori-

zontal axis and by adjusting the helical spring. It is intended for

operation at temperatures between -40°C and +50°C and a relative humidity

of up to 95 percent. The technical specifications of the USF-3M are

as follows:




Natural period .......cccceeeeee 1.5 sec (nominal}

Reduced length ...ieeveeeveeeess 0.24 m

Moment of inertia .............. 0.2 kgem?
Signal-coil sensitivity ........ 114 V/(m/sec)
Damping-coil sensitivity ....... 38 V/(m/sec)
Signal-coil resistance ......... 230 ohms
Damping-coil resistance ........ 70 ohms
Dimensions ...coeveesseencescess 33 x 20 x 16 cm
Weight ....... B P VA '3

Fig. 3 -- Schematic drawing of the pendulum and the coil-magnet
assembly of the USF-3M seismometer [2]
1 - helical spring

2 - permanent magnet
3 - coils

4 - additional lever
5 - pendulum

4. USF-4 [3]

The USF-4 short-period, high-sensitivity pendulum seismometer with

a velocity transducer and electromagnetic damping is an improved model

of the USF-3M. The USF-4, which can be used either as a horizontal or

a vertical seismometer, is equipped with signal, damping, and calibra-

tion coils and two independent coil-magnet assemblies. High-sensitivity
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is achieved by making both the coils . “he magnets free to move in
opposite directions and by connecting the coils to the pendulum by

The seisnometer is equipped with an automatic zero-
position pendulum-correction device and a remote period-adjustment
control. Its natural period is adjustable between 0.5 and 5 sec.
Eact of the two cuil-magnet assemblies can be used independently with
short- and long-period salvanometers for photographic recording or

with short- and long-pi.riod amplifiers for visual recording. The major

|
; means of a lever.
a
!

specifications of the USF-4 are as follows:

1.5 sec (nominal)
1.0 to 0.226 m
0.45 to 0.5 kg-m?

Natural period ....cvvvvvveccnns

Reduced length ...

Moment of inertia

Signal- and damping-coil

sensitivities .iciiveescoccecces

Signal- and damping-coil

70 to 310 V/(m/sec)

resistances ...eceveersescsssss. 5000 ohms
Ca' ibration-coil resistance .... 50 ohms
Dimensions ..ececeessenccseeases 56 X 25 x 33 cm
Wedight ..vivieieneneencaneensess 27 kg

5. VEGIK [4]

Developed in the early 1950s, the VEGIK seismometer (Fig. 4) was
designed primarily for galvanometric recording of either vertical or
horizontal components of displacement with amplitudes between a frac-
tion of a micrometer and 2 mm in the period range 0.01 to 1 sec. It
is an electromagnetic, moving-coil, pendu'um seismometer with electro-
magnetic damping. Although intended originally as a blast seismometer,
it has found wide application in seismology. A system consisting of

VEGIK seismometers and a photographic reccvder can be used to register

velocities rather than displacements by simply replacing the overdamped

galvanometers with a natural frequency fS < 15 Hz with high-frequency i
galvanometers. The natural pericd of the VEGIK is adjustable between
0.8 and 1.5 sec.

to compensate the force of gravity and to adjust its period. A

" - B T — - J

A helical spring in the vertical seismometer is used




VEGIK i: cesponding to horizontal motlon. The scismometer is intended

for operation under stationary or field conditions, at temperatures
between -20°C and +40°C, and a relative humidity of up to 90 percent.

The technical specifications of the VEGIK seismometer are as follows:

Natural period ......cc0eeeeeees 1 sec (nominal)
Reduced length ......cceevvvenee 0.097 m

Signal- and damping-coil
sensitivities ceeevsesesceeencss 20 V//im/sec)

Signal- and damping-coil
resistances «..eeeceecccssssesass 45 ohms

Moment of inertia .............. 0.1 kg'm?
Dimensions cseeeeessosseveeaesss 11 x 16 x 34 cm

Weight .eeeveenneccccsnecescssas 10 kg
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Fig. 4 -- Schematic drawing of the VEGIK seismometer [4]
1 - pendulum
2 - axis of rotation formed by two pairs

of crossed steel hinges

- mast

- helical sprving

pendulum-pusitioning screw

- period~control screw

- coil

- permanent magnet

o~ W
1

pendulum-positioning knob an+ a period-control knob aire used when the

Ty A




6. SM-2M [1,5]
The SM-2M (Fig. 5), an electromagnetic, moving-coil, pendulum
seismometer with electromagnetic damping is an improved version of the
VEGIK seismometer. It is intended primarily for galvanometric record-

ing of either vercical or horizor.tal components of displacement with

amplitudes between 0.1 um and 3 rm in the freguency range 0.7 to 200 Hz.

- I
\:\:\.\\\&S‘\\v\\\\i\\\\'\\ U

Fig. 5 -- Schematic drawing of the SM-2M seismometer [1)
1 - pendulum
- permanent magnet
- signal coil
- temperature-compensation device
- replaceable crossed flat hinges
forming the axis of rotation
6 - helical spring
7 - spring- and period-adjustment mechanism

(W, S ~ R OX I\ ]

The SM-2M is equipped with a helical spring which compensates the
force of gravity in the vertical seismometer and provides an adjustable
astatizing force in the hoy izontal seismometer. A system consisting of
SM-2M seismometers and a light-beam oscillograph can also be used to
record velocities rather than displacements by replacing the overdamped

galvanometers (fS < 15 Hz) with high-frequency galvanometers.

P pp——————



The SM-2M can be change. from a horizontali tu a vertical seismom-
eter and vice versa by rotating the seismometer assembly 90° around
the horizontal axis and adjusting the helical spring. The SM-2M can
be rigidly attached to an objact and operated at any angle between
0 and 180° t¢ the hurizuutal. It is equipped with a temperature-

compensation device which maintains the equilib-ium position of the

pendulum when temperature varies *20°C from the nominal value. The
natural period of the SM-2M is adjustable between 0.7 and 2 sec. It
is hermetically sealed and is watertight up to 1.5 m of water. The

technical specifications of the Si*-2M are as fnllows:

; Natural period ......vevveveeee. 1.5 sec (nominal)
Damping factor ....cveeeeeeessss 0.6
Reduced length ...cevevveveeee.. 0.087 m

W e

Signal-coil sensitivity ........ 37 V/(m/sec)

Damping-coil sensitivity ....... 12 V/(m/sec)

p———

Signal-coil resistance ......... 130 ohms
Damping-coil resistance ........ 45 ohms

Moment of inertia .............. 0.0085 kgem’
Dimensions ...ccve0eerecienesces 14.5 x 16.7 x 23 cm
Wedght vevesenrecssnnanssenssees 5.6 kg

When first developed, the SM=-2M had a single coil. This was a
low-impedance coil when the SM-2M was coupled with overdamped galva-
nometers with [s < 15 Hz for use primarily in engineering work and 1
high-impedance coil when the seismometer was coupled to an cmplifier.

Damping could be introduced by shunting the coil by means c¢. an ex-

ternal switch. The technical specificatioas of the older SM-2M seis-
mometer, with a high-impedance coil, which differ from the one de-

scribed above are:
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Coil resistance ceeeeesecseesess 3000 ohms
Shunt resistance ceceesecseeesse 6000 ohms
Equivalent resistance .......... 2000 ohms

Signal-coil sensitivity with
the shunt commected ..eeceeeeeso 165 V/(m/sec)

Electromagnetic damping factor.. 0.5

7. SM-3 [1]

The SM-3 (Fig. 6), an electromagnetic, moving-coil, pendulum seis-
mometer with electromagnetic damping is an improved version of the
SM-ZM. Structural changes slightly improved its response to large
amplitude displacements (from 3 mm for SM-2M to 5 mm for SM-3) and ex-
tended the lower limit of its frequency range (from 0.7 Hz for SM-2M
to 0.5 Hz for SM-3). ! owever, the major improvement of the SM-3 over
the SM-2M is the convenience and ease of its operation. The natural
period of the SM-2M is adjustable between 0.7 and 3 sec. The technical

specifications of the SM-3 are as follows:

Natural period .....cccceunn «e.. 2 sec (nominal)
Damping factor «.eceeceevececass 0.6
Reduced length .....cvcveeeeeeees 0.085m

Signal- and damping-coil
sensitivities cveeecevsencececees 20 V/(m/sec)

Signal- and damping-coil
resistances ceeevssessessssessss 65 ohms

Moment of inertia ........e..... 0.0089 kg:m?
] Weight «evvvveeeeessassssanseses 5.5 kg

} In all other respects the SM-3 seismometer appears to be identi-

cal to the SM-2M.
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Fig. 6 -- Schematic drawing of the SM-3 [1]

1 - pendulum

2 - coil

3 - permanent magnet

4 - crossed flat hinges forming
the axis of rotation

5 - temperature-compensation device

6 - helical spring

7 - spring- ana period-adjustment
mechanism

8. s55 [6,7]

The S5 (Fig. 7) is an electromagnetic, moving-magnet, double-
pendulum seismometer with adjustable electromagnetic damping intended
primarily for galvanometric recording of eithker vertical or horizontal
components of displacement with amplitudes between 0.01 ym and 15 mm
in the period range 0.0l to 5 sec. A system consisting of S5S seis-
mometers and oscillographs can also record velocities rather than dis-
placements by replacing the overdamped galvanometers with fs < 15 Hz
with high-frequency galvanometers. The S53S can be changed from a hori-
zontal to a vertical seismometer by rotating the seismometer assembly
90° around the horizontal axis and adjusting the spring. The pendulum

of the seismometer consists of two rigidly connected cylindrical

St g ol gl
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rig. 7 -- Schematic drawing of the S5S seismometer [1]
L 1 - pendulum
2 - magnet
3 - axis of rotation of the pendulum
4 - zero-length spring
5 - equilibrium position control
6 - temperature-compensation device
7 - signal and damping coils
8 - period-adjustment screw
9 - base of stand
10 - base of frame

magnets located on opposite sides of the axis of rotation. The pendu-
lum is suspended from the stand by two pairs of crossed, flat hinges
forming the axis of rotation. A helical spring between the mast and

the temperature-compensation device, locate! on the side of one of the

magnets, balances the weight of the pendulum. The seismometer is
equipped with two stationary coils (signal and damping) attached to the
stand. Its natural period can be adjusted between 1 and 5 sec by
changing the angle between the stand and the base of the frame. 1t is

hermetically secaled and can operate at temperatures between -50°C and

1 +50°C. The technical specifications of the S55 are as follows:




Natural period .+vvevvevvveeesese. 5 sec (nominal)
Reduced length .....cvvevvnnne.. 0.425 m
Signal-coil sensitivity ........ 12.8 V/(m/sez)
Damping-coil sensitivity ....... 6.3 V/(m/sec)

Signal- and damping-coil
resistances ....c.ve00c00e00s0... 88 ohms

Moment of inertia .......e...... 0.066 kgem?
Dimensions ..eevvevsevceveeseesss 15 x 16 x 36 cm

Weight ........... 2 o HENE IS =P o I L o

B. GALVANOMETERS

1. GK-VIIM [1,2]

The GK-VIIM galvanometers (Fig. 8) are used with SK and SKD as
well as most moderate-to-high-gain, short-period, photographically
recording seismographs. Each galvanometer is inserted into a separate
magnet assembly equipped with a magnetic shunt. The galvanometer coil
consists of 160 turns of 0.08-mm-diameter copper wire. The suspension
is made of two phosphor bronze ribbons, 7 to 8 um thick and 0.15 to
0.18 mm wide, which also are the current leads. The maximum magnetic
field strength in the air gap is 2000 G. The technical specifications
of the GK-VIIM are given in Table 1, where Tg is the galvanometer
period, Ci is the current sensitivity, Rg is the coil resistance,

CDRX is the external resistance at critical damping, and Kg is the
moment of inertia. These galvanometers are intended for operation

under stationary or field conditions at temperatures between -30°C and

+40°C and a relative humidity not exceeding 95 percent. The dimensions

of the GK-VIIM are 15 x 15 x 30 cm and they weigh 6.4 kg.

B it




1 - permanent magnet

window

AW
]

magnetic shunt
period-adjustment scale

base plate

Table 1 [1]

Fig. 8 -- Schematic drawing of the GK-VIIM galvanometer [1]

pencil galvanometer insert

TECHNICAL SPECIFICATIONS OF THE GK-VIIM GALVANOMETER

T c, R, — K,

(sec) (A/mm at 1lm) (ohms) (ohms) (kg*m?)
1.1 to 1.3 1 x10°8 | 49 + 3 850 (4 to 5) x 1077
0.55 to 0.65 8 x 1072 75 + 7 320 (1.6 to 2.4) x 10710
0.3 to 0.4 1.7 x 1078 70 * 7 200 (1.6 to 2.4) x 10711
0.18 to 0.20 10-8 + 7 65 (1.6 to 2.4) x 10~1!
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The photorecording equipment used at Soviet permanent seismo-

graphic stations consists of sets of three GK-VIIM galvanometers, three

Rl i it bl g

collimators, and a PS-2M drum recorder, installed in a special dark room.

2. GB-III and GB-1V [1,2,8,9]

A The GB-III and GB-1V are the two basic galvanometer types used
widely in seismolcgy and seismic engineering as the sensing elements
3 of light-beam oscillographs. Each type includes several series that
differ in their natural frequency, current sensitivity, coil resistance,
and other parameters. Soviet seismologists separate all galvanometers
F used in seismic applications into two groups: (a) high-frequency
galvanometers with *'te natural frequency fg 2 30 Hz and optimal damping

| of about 0.7 and (b) heavily overdamped with fg < 15 Hz, optimal damp-
r ing as high as 25 to 30 times critical damping, and high coil resis-

‘ tance. The response of high-frequency galvanometers extends between

! approximately one-half of its natural frequency and dc; that of a

heavily damped galvanometer is symmetric about its natural frequency.

The GB-III and GB-IV galvanometers are i..ended for use primarily
with galvanometrically recording strong-motion instruments. The GB-II1I
and GB-IV are interchangeable, with two GB-IV galvanometers used for
each GB-III. The smaller size of the GB-IV is achieved by using a
narrower, lighter coil than in the GB-I11I.

A schematic drawing of the GB-III and GB-IV galvanometers is shown
in Fig. 9. Table 2 gives the technical specifications of galvanometers
recommended for use in seismic engineering and seismology. (In this
table fg is the natural frequency of the galvanometers, R is the ex-
ternal resistance at 0.7 critical damping, Imax is the maximum current,

and the other symbols are the same as those used in Table 1.)

According to [10], the main reason that both the GB-III and GB-IV
series galvanometers are being manufactured is the inebility of Soviet
industry to fabricate narrow suspensions with a torsion constant suffic-
iently low for low-frequency (fg < 5 Hz) GB-IV galvanometers. Whenever
both GB-III and GB-IV galvanometers with the same natural frequency

are available, it is usually preferable to use GB-IV models.
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GB-IV

CB-III

Fig. 9 -- Schematic drawings of the GB-III and GB-IV galvanometers [6]
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Table 2 [1,11]

TECHNICAL SPECIFICATIONS OF GB-III AND GB-IV GALVANOMETERS

£ Cc 1 K
g i R R max g
Galvanometer (Hz) | (A/m at 1lm)| (ohms) (ohms) (mA) (kg-m?)
GB-1I11-B-0.8 0.8 2.5x1079 52 5000 1.20x10~9
GB-III-B-1 1.25| 4.0x10°° 64 6000 0.003 1.15x10~°
GB-11I-B-2.5 2.5 1.5x10°8 60 3000 0.011 1.15x107°
GB-11I-B-5 5 6.0x1078 56 1500 0.044 1.50x10-°
GB-11I-B-10 10 2.5x10~7 56 750 0.18 1.15x10-9
GB-1II-C-1 1.25| 1.6x10"° | 400 42000 0.001 -
GB-III-C-2.5 2.5 8.0x10"9 | 400 19000 0.006 -
GB-1II-C-5 5 30.0x10~8 | 400 9500 0.0022 ==
GB-I1I-C-10 10 1.2x10-7 | 400 4700 0.09 -
GB-III-BS-0.8 0.8 5.0x10~° 52 800 0.004 1.2x1079
GB-III-BS-1.0 1.25| 1.0x10-8 64 950 0.008 1.15x107°
GB-II1I-BS-2.5 2.5 4.0x10"8 60 420 0.03 1.15x10~°
GB-III-BS-2.5 2.5 1.4x10°8 76 360 0.01 0.2x10~9
GB-1II-BS-5 5 1.5x10~7 56 220 0.1 1.15x10-2
GB-11I-BS-10 10 5.0x10~7 56 110 0.4 1.15x10-2
GB-1II-3 5 2x10-8 | 140 4000 = 1.15x1079
GB-TII-BM-1 1.25 2x1079 76 4600 = 0.2x107°
GB-III-BM-2.5 2.5 7x10~° 76 2300 == 0.2x1079
GB-III-BM-5 5.0 3x10°8 76 1150 —= 0.2x10-°
GB-II1I-BM-10 10.0 1.2x1077 76 550 - 1.15x109
GB-1V-B-1 20-30| 1.3»10"% | 170.0 3200 - -
GB-1V-B-2 60 1.0x10-7 | 170.0 1050 0.04 -
GB-IV-B-3 120 4.0x10"7 | 170.0 470 0.2 -
GB-IV-C-1 30 2.0x1078 58.0 1200 0.01 4.5x10° 12
GB-1V-C-2 60 1.0x10"7 58.0 350 0.04 4.5x10"12
GB-1V-C-3 120 3.0x107 52.0 175 0.2 4.5x10"12
GB-IV-S-5 5 5.0x1079 78 2600 0.002 1.7x10~11
GB-IV-S-10 10 2.0x10"8 54 1200 0.007 9.4x10:12
GB-1IV-5-15 15 5.0x1078 54 800 0.025 9.4x10712
GB-1V-SI-5 5 8x10~° 65 5000 N 1.5x10710
GB-1V-SI-10 10 3x10-8 65 2500 - 1.5x10-10
GB-1V(M-001) 120 4x10~7 54 1iq.damp. | - 4.5x10-12
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This fact is easily verified by Table 2 which shows that the GB-IV
galvanometers are more sensitive and have a lower moment of inertia

than the GB-III galvanometers with the same natural frequency.

C. AMPLIFIERS

1. UPN-3 Amplifier System [12]

The UPN-3 is a transistorized, three-channel amplifier system in-
tended for use with short-period electromagnetic seismometers and pen
recorders. Each channel of the UPN-3 consists of three dc amplifiers.
Negative current feedback is used for gain stabilization and for re-
ducing the unbalance. Each channel is equipped with an LC and a low-
pass integrating filter. The frequency response of the UPN-3 amplifier
is shown in Fig. 10. The amplifier can be operated in the temperature
range +5°C to +35°C with the gain not varying by more than +5 percent
from the nominal gain at +20°C. Its technical specifications are as

follows:

Voltage gain «.o.ovvvenasneess. £70,000

Noise at the input ....ceceveeee S1 UV rms

Input impedance .....ceceecosoes 1300 ohms

Output impedance ........ecce... two 160-ohm coils of GPT-II

galvanometers used in hot-
pen recorders

Output voltage ...eeevrsscccccns 10V

Power SUPPLY «eeceseeseseessases 127 or 220 V ac, 10 W
Dimensions eeeececesecssecnsssss 49 x 19.5 x 36.5 cm
Welght «eeeeeeeennnnnsnncenssess 12Kg

2. 1IPR Galvanometer Amplifier with a Parametric

Variable-Reluctance Transducer [1,13]

The one-channel IFR amplifier system (Fig. 11) is intended for
use with an electromagnetic seismometer and a pen recorder. Two thin

coprer plates are attached to the ends of the stop on top of the coil
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Fig. 10 -- Frequency response of the UPN-3 amplifier system [12]
1 - without the low~pass integrating filter
2 - with the low-pass integrating filter

cutput

P__

B

Fig. 11 -- Schematic drawing of the IPR galvanometer amplifier
with a parametric variable-reluctance transducer [1]
1 - 2-kH sine-wave generator
2 - transistorized carrier-frequency amplifier
3 - galvanometer of the F117 phototube amplifier
4 - variable-reluctance transducer
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of the galvanometer usually used in an F117 galvanometer phototube am-
plifier. The free ends are centered in the air gaps of two electro-
magnets, each consisting of a ferromagnetic split ring and a winding
formirg a bridge circuit connected to a source of 2-kHz sine-wave
voltage. The voltage across the bridge diagonal is fed into a tran-
sistorized amplifier and then to a phase-amplitude modulation detector.
Deflection of the galvanometer's coil and the stop unbalances the
circuit, causing voltage to appear at the output of the amplifier.

The IPR can be operated at temperatures between +10°C and +40°C and
relative humidity of up to 80 percent. The technical specifications
of the IPR amplifier are as follows:

Voltage gain ...ocecevnvennean.. <10°

Input resistance (galvanometer-

coil resistance) .¢.viieeseee... 56 ohms
Noise at the input ............. <0.05 pV
Output voltage ...vevvvveennesas 210V
Output impedance .....vecveeeve. ~50 ohms
Dynamic range ...ceeeeoveeeeseess 54 to 60 dB
Galvanometer period .. vvvvvve.. 2 to & sec

External critical-damping

resistance ...cccicieiieannaes.. ~1000 ohms

Power supply ....ovvveeviveenees 127 or 220 Vac, 3 to 5 W
Dimensions ....cveeveveveceeeaess 18 x 33 x 20 cm

Weight ........ciiiiiiiiaiieeess 1.5 kg

D. RECORDING SYSTEMS

1. Standard PS-3M Drum Recorder and Light-Beam Oscillographs
a. PS-3M [2,1]. The PS-3M is the standard drum recorder used

with galvanometrically recording seismographs at Soviet seismographic
stations. A 29-cm-wide, 90-cm-long loop of photographic paper is
mounted on a drum rotating at a uniform speed and translated at a con-
stant rate along a threaded shaft. In the older PS-2 models the drum
was rotated by means of a weight-controlled mechanism regulated by a

conical pendulum device. Time marks from an MKh marine chronometer
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were printed every minute. The newer PS-3M model is equipped with a
more precise quartz timing system and a DSD-60 synchronous motor, with
deviation from the constant rotation rate of 1 rev/min occurring only
as a result of voltage fluctuatiors of the power supply. Precise time
signals received by radio are recorded at unspecified time intervals.
The PS-3M may be used at temperatures and relative humidity limited
only by the photographic paper used with the recorder. The principal

technical specifications of the PS-3M are as follows:

Rotation speeds ...eeseseesesss. 7.5, 15, 30, 60, 120,
240 mm/min
Translation rates .............. 0.5, 0.7, 1, 1.25, 1.5,
2.5, 3.5, 5 mm/rev
Paper width .....ceveceeeseceees up to 28 cm
Paper length .......cccecvuevese 90 cm
Power supply (motor only) ...... 24 V, 4 W
| Dimensions ...eeceeecessssesssss 60 x 35 x 45 cm
E Weight .vvvvevosncescenensansees 36 kg

b. OSB-VI-M [14]. The OSB-VI-M is a six-channel, light-beam oscil-
lograph designed primarily for the registration of earthquakes. It re-
cords on a 28-cm~wide, 90-cm-long loop of photographic paper mounted on
a dru: rotated at a uniform speed by a synchronous motor. Translation
rates between 0.5 and 3 mm/rev are achieved by means of a slowly turning
mirror. The oscillograph is equipped with six GB-III or twelve GB-IV
galvanometers. Time marks are printed on the paper in the form of
breaks in the lines when a relay briefly disconnects the circiit between

the power supply and tl.e galvanometer illuminator. The OSB-VI-M is

equipped with an automatic spot-brightness control described in [15].

In the absence of ac electricity, the drum can be driven by an external

spring drive. It is intended for field and stationary use at temperatures
between -10°C and +40°C and at relative humidity of up to 80 percent.
The technical specifications of the OSB-VI-M light-beam oscillograph are

as follows:
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Optical lever ........c000veev.. 50 cm
Rotation rates with motor ...... 15, 30, 60, 120, 240,
480 mm/min
with spring drive ............ 30, 60, 120 mm/min

Rotation rate error ............ <1%
Translation rates .............. 0.5, 1, 2 mm/rev

Record duration with motor ..... 12 hrs at 120 mm/min
with spring drive ............ 8 hrs

Power supply ........o00viviven. 220 V ac, 20 W
Dimensions ...........0000vvee.. 67 X 43.5 x 35.5 cm
Weight ......coiiiiiiiiiiiaea.. 45 kg

c. OSB-IMp [16]. The OSB-IMp is a portable, light-beam oscil-
lograph designed for continuous three-to-six channel recording on
standard 12-cm-wide photographic paper that is either mounted on an
enclosed drum or advanced at a uniform speed between cassette reels.
It is equipped with a synchronous motor which has to be used with the
cassette. The drum, hcwever, can be driven by either the motor or an
external spring drive, with a centripetal device for velocity control.
The OSB-IMp is usually used with six GB-IV or, less frequently, with
three GB-III galvanometers. The tiwe marks from an outside clock are
Printed on the paper in the form of breaks in the lines when a relay
briefly disconnects the circuit between the lamp illuminating the
galvanometer mirror and the power supply. The oscillograph is equipped
with a variable-width diaphragm rather than with an automatic spot-
brightness control. Figure 12 shows a cross section of the OSB-IMp
and Fig. 13, a schematic drawing of its optical system. The 0SB-IMp
is intended for operation at temperatures between -10°C and 30°C and

relative humidity of up to 80 percent. The technical specifications
of the OUSB-IMp are as follows:

Number of channels ............. 3 to 6

Mode of operation ......cc00n.n. Continuous
Optical lever ......cev0vevvve.. 30 cm
Recording medium ......... ceeeas Photographic paper 12 cm

wide and 45 cm long for a
drum and 10 m long for a
film cassette
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Recording speed
drum with motor .....cccveeee. 0.25, 0.5, 1, 2, 4, 8, 16,
32, 64 mm/sec
drum with spring drive ....... 0.125, 0.25, 0.5, 1, 2 mm/sec
cassette with motor .......... 0.156, 0.312, 0.625, 1.25,
2.5, 5, 10, 20, 40 mm/sec
Translation rates
ATUM v vvvevoeoenoassasocnssans 0.5, 1, 2 mm/rev
CASSELLE .cccesescnssrascsnccs 0
Record duration
drum with MOtOr ..eeeveococcns 8 hrs at 1 mm/sec and
0.5 mm/rev
drum with spring drive ....... 8 hrs
Power SUPPly «.ceevcececcansacen 220 V ac, 30 W
with spring drive ........cc0nn 3 Vdc, 0.5 W
Dimensions ..ceceecesocacsacoses 59 x 30 x 28 cm
Welght coveieeereccncnaaccnnenns 20 kg

Fig. 13 -- Schematic drawing of the optical system

of the OSB-IMp [16]

1 - lamp

2 - shielding cap

| 3 - cylindrical lens (probably oriented
. vertically)

4 - galvanometer with spherical lens and

mirror i

5 - variable-width diaphragm

6 - cylindrical lens 1
7 - drum .
8 - mirror

9

- viewing window screen
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*
2. PVZ-T and PVZ-2 Ink-Pen Recorders [17]

The PVZ-T ink-pen recording system (Fig. 14) and the later model
PVZ-2 are designed for high-gain registration of seismic events. The
PVZ-T is a four-channel recorder, writing on a 29-cm-wide, 180-cm-long
loop of paper mounted on a drum and a tension roller, rotated at a uniform
speed by a specially designed low-power dc motor operated by a battery
switched on by three photodiodes. The speed of the motor is controlled
by a centripetal device consisting of three shutters with springs. The
PVZ-T is equipped with a transistorized, low-noise amplifier system,
consisting of a three-stage preamplifier with a gain of 200 and a separate
power supply, both of which are usually placed with the seismometers
and a three-stage, negative-feedback power amplifier with a maximum gain
of 10%. The sensitivity of the pen head is -160 uA/mm at 1 m and the
signal-coil impedance matched to that of the postamplifier, is 800 ohms.
The damping factor of the pen at normal gain is usually adjusted to
0.4 to 0.5. The technical specifications of the PVZ-T ink-pen recorder

are as follows:

Number of channels ......... ve.. 1 to 4

Rotation rates .....eeeeeeceoescs 15, 30, 60, 120, 240 mm/min
Rotation rate error ............ 0.5%

Translation rates ......cece.oes 1.5 to 5 mm/rev

Record duration (three

channels) ceeeeeerececoenoannons 36, 24, 12, 8, 3 hrs
Maximum resonant frequency

of pen ... WYY AT -F 6 to 7 Hz

Pen sensitivity .......c.c00venn 160 uA/mm at 1 m *20%
Maximum double amplitude ....... 4 cm

Power supply ....ceeececoen vee.. 12 V dc, 2.5 W
Dimensions ..ecesseeeccacsosonos 94 x 70 x 44.5 cm
Weight .....cveveeeeens EEEEL: L 70 kg

*
A portable, one-channel model of the PV.-T is known as the KSE-1.

P L, ST -
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Fig. 14 -- Schematic drawing of the ink pen used in
the PVZ-T recorder [17]

- springs

- rod

- magnetic circuit

pen

- spring

- magnetic shunt

- signal and damping coils wound on a
coil former rigidly attached to rod

NNV SN
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3. Heated-Stylus Recorders
a. N-002 [18,19]). The N-002 (Fig. 15) is a three-channeli hot-pen

recorder that writes on a 30.5-cm-wide, 90-cm-long loop of heat sensitive
paper mounted on a drum driven by a G-31 synchronous electric motor.

The recorder is equipped with three GPT-11 galvanometer pens (Fig. 16).
Constant trace width is maintained independently of the deflection rate
of the galvanometer pen, and thus independently of the amplitude and
frequency of the input signal, by means of a power amplifier, which
automatically adjusts the pen-heating current proportionally to the
voltage fed to the pen. Time marks are printed on the heat-sensitive
paper by means of a relay that briefly disconnects the circuit betwecn
the pen and the power supply and by means of a separate GPT-II pen. The
recorder is intended for operation under stationary conditions at temper-
atures between 10°C and 40°C and a relative huridity of up to 80 percent.
The N-002 is usually used with UPN-3M or IPR-M amplifiers, which are

the latest models of the UPN-3 and IPR amplifiers described in Section I-C.

The technical specifications of the N-002 hot-pen recorder are as follows:




Fig. 15 -- Schematic drawing of the N-002 hot-pen recorder [19]
1 - relay
magnetic system
control knob for adjusting magnetic system
galvanometer
galvanometer pen
pen-lifting lever
electric motor
- drum
rubber roller drive
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Fig. 16 -- Schematic drawing of the GPT-II galvanometer pen [20]
1 - housing
2 - lining of Armco steel
3 - insert
4 - core
5 = coil
6 - suspension
7
8
9

- screw
- contact cap
- spring ;

10 - pen

11 - magnet

12 - pole piece

13 - clamping screw
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Frequency range ......cceeeseecs
Maximum double amplitude .......
Trace thickness ....cceveceveces
Rotation speeds .....ecceceecens

Translation rates ...ccceee SN

Record duration ...ceecececaacee

Galvanometer pen

Natural frequency ...ccececcee

Current sensitivity ....... opC

Voltage sensitivity ........ 50
Coil resistance ....... 0000000
Pen resistance ....ccc0ce. oG

Power Supply .cececescecenn ceeas
Dimensions ..cccicecesrcaananann

Weight ..v.vveveaaaacacoccanaces

0 to 3 Hz
40 mm
<0.5 mm

30, 60, 120, 240 mm/min
1.75, 3.5, 5, 10 mm/rev

26 hrs at 30 mm/min and
1.75 mm/rev

18 Hz

1.5 x 10~3 A/mm at 1 m
0.22 V/mm at 1 m

160 x 2 ohms

3 ohms

127 or 220 V ac, 70 W
48 x 46 x 47 mm
38 kg

b. PST [1]. The PST three-channel hot-pen recorder (Fig. 17)

is a modified model of the N-002. It records on a 30.5-cm-wide, 90-cm-

long loop of heat-sensitive paper mounted on a drum driven by a synchronous

electric motor. The PST is equipped with three GPT-11 galvanometer

pens (Fig. 16), which are also used in the N-002. Constant trace width

is maintained independently of the deflection rate of the galvanometer

by means of a power amplifier, which automatically adjusts the pen-heating

current in proportion to the voltage fed to the pen. Time marks are

printed on the heat-sensitive paper when a relay *riefly disconnects

the circuit between the pen and the power supply. The recorder is

intended for operation at temperatures between +10°C and +40°C and

relative humidity of up to 80 percent. The technical specifications of

the PST arc as follows:

Frequency range .....ceoeececcee

Maximum double amplitude .......

Trace thickness ..cceeeeseecens

Rotation speeds ....cvceecevese

Translation rates ...cceceececs

0 to 3 Hz
20 mm
<0.4 mm

30, 60, 120, 240 mm/min
1, 1.75, 3.5, 5 mm/rev
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Record duration (three channels) .. 1 to 48 hrs

Galvanometer
Natural frequency .......ceeeess. 15 to 16 Hz
Current sensitivity ............. 2 x 107° A/mm at 1 m
Power supply ...cceerieienenceceeennn 127 or 220 V ac, <1 A
Dimensions ....ceeceerecrocanncnnns 49 x 43.5 x 33.5 cm
1213 =4 11 B0 DbIbIIE © Glo © 0 0 dlJlo 0 00 0 0 0 o 27 kg
1 2
L] \-\.
Ay e W
\ 7 —[©)] %
"u. -..-.._.'_ @ \
Ly A,
(o ai - g //'

e R B

R R W

Fig. 17 -- Schematic drawing of the PST hot-pen recorder [1]

1 - housing
2 - drum with loop of heat-sensitive paper
3 - pen

) 4 - electric motor




31

c. PP-6 [20].

heated-stylus units,

The PP-6 six-channel recorder, one of the earliest
was developed for use in seismology and elsewhere.
It records on 30-cm-wide, 50-m-long roll of heat-sensitive paper trans-
ported between supply and take-up reels by a synchronous motor without

transverse motion. It has an opening through which the paper can be
fed to the outside for quick processing of the seismogram. The recorder
is equipped with six GPT-II galvanometer pens (Fig. 16). Constant trace

width is maintained independently of the deflection rate of the pen by

ueans of a power amplifier.
both sides of the paper.

pen recorder are as follows:

Frequency range ..
Maximum double amplitude .......
Trace thickness

Rotation speeds .

Galvanometer
Natural frequency ............
Current sensitivity .
Voltage sensitivity ..........
Coil resistance ...... 5oooldogg
Pen resistance ...............
Maximum coil current .........
Maximum pen current ........ .

Power supply ....coveveenvnnn..
Dimensions ........ic0u0vvnnn...

Weight

Time marks from a clock are recorded along

The technical specifications of the PP-6 hot-

0 to 7 Hz
40 mm
<0.5 mm

0.25, 0.5, 1, 2, 4 mm/sec
or 4, 8, 16, 32, 64 mm/sec

10 Hz

1073 A/mm at 1 m

5% 1072 V/mm at 1 m
50 ohms

3 ohms

v A

0.5 A

127 or 220 V ac, <1 A
59 x 44 x 21 em
29 kg

d. SPR [1]. The SPR hot-pen recorder (Fig. 18), designed originally
for use at seismic stations equipped with tsunam! warning equipment,
is presently being used with both low-gain, wide-band and high-gain,
short-period seismometers. Although described as having from cne to
three channels, it is recommended as a one-channel recorder. 1t records
on a loop of heat-sensitive paper of unspecified dimensions mounted on a
The SPR

Although the SPR can

drum. The time marks ave provided from an external clock.

is equipped with a 10- to 15-Hz galvanometer pen.




1
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3
4

5
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Fig. 18 -- Schematic drawing of the SPR hot-pen recorder [1]

galvanometer pen

drum with heat-sensitive paper

motor

amplifier system, timing-pulse generator,
and earthquake-signal relay

power transformer

earthquake light-warning system
earthquake sound-warning system

be operated with an internal power amplifier, it is usually used with
either a UPN-3M or the IPR amplifiers. The technical specifications of

the recorder are as follows:
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Number of channels ............. 1 to 3
Maximum double amplitude ....... 100 mm
Minimum trace thickness ........ 0.2 mm
Recording speeds ............... 4.5, 6.0, 12, 30 mm/win
Pen translation rate ........... 2 mm/rev
Dynamic range (one channel) .... 54 dB

Input impedance of power
amplifier ............ ceeeseeess ~500 ohms

Galvanometer pen

Natural frequency ............ 10 to 15 Hz

Damping .........c00v0eeeee... Critical

Voltage sensitivity .......... 0.2 V/mm at 1 m
Power supply .....ce0v.... eeeess 127 or 220 V ac, 10 W
Dimensions ........cc000vvn.. eee 33 x 46 x 60 cm
Weight ...... oooooobdogos ceveess 20 kg

4. Electrostatic Recorders

a. PEO-I [21,22,1]. The PEO-I (Fig. 19), a compact, -hree-to-six

channel, electrostatic light-beam oscillograph, records on 120-mm-wide,
plain strip-chart paper. Developed in 1969-1970, the PEO-1 is apparently
intended to replace similar earlier models of electrostatic recorders,
such as the SEO-I, N-001 (SEO-II), and the A-002 attachment to the N-700
light-beam oscillograph; these recorders used low-sensitivity paper

that required toxic developers.

The PEO-I is operated in a standby mode and actuated without a loss
of motion by aﬁ unspecified electronic trigger. 1Its metallic drum,
driven at a uniform speed by an electric motor, is covered with a layer
of selenium or arsenic-selenium. The light beams reflected from the
galvanometer mirrors establish electrostatic patterns of trace images
on the selenium layer. When actuated, the images are automatically
developed by charged dry powder, and then transferred and heat fused
onto plain strip-chart paper. The developed paper is either wound on
the take-up recel or fed outside for quick processing of the seismecgram.
The recorder is intended for operation under stationary and field condi-
tiorns at temperatures between +15°C and +30°C and a relative humidity

of up to 80 percent. The technical specifications of the PEO-I are as

foliows:

iy, I




Fig. 19 -- Schematic drawing of the PEO-I electrostatic
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~6

light-beam oscillograph [1]

~NonvsLnNeE

- lamp

- mirror

- lens

- galvanometer

- magnet assembly

- lens

- metallic drum with layer of selenium
or arsenic-selenium

- roller to charge the drum

- developing device

- transfer roller

- supply drum

- fusing device

- lamp

- cleaning device

- vacuum pump

- mechanical components

driving roller
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Number of channels ............. 3 to 6 [1]; 6 to 12 [11)

Mode of operation .............. Self-actuating with no
loss of motion

Frequency range .......... cese.. 0 to 200 Hz

Maximum pen excursion ....... ... t3 cm

Optical lever s.ivvvveninnnnann. 15 cm

Recording medium ............... Plain paper, 12 cm wide
and 20 m long

Recording speed .......... eeeee. 0.75, 3, 12, 48 mm/sec [1]
4, 8, 16, 32, 64, 128 mm/sec [11]

Translation rate ..... X rrrrrer 0

Power supply ............ ceeeves 220 V ac, 300 W

Dimensions ......... W TYYY. . ¥r. . 50 x 30 x 30 cm

Weight ........c.... S P v esrasn 27 kg

ASEO-T [11]. The ASEO-I compact three-to-six channel electro-

static light-beam oscillograph, which records continuously on plain
paper for a period of up to 20 days, was developed in 1973. The basic
difference between the PEO-I and the ASEO-I is that the latter has
transverse motion capability due to translation of either the galvanom-
eters or the drum. The ASEO-I records continuously on up to forty

20- by 45-cm strips of paper without reloading; the strips are removed
from the drum every 3, 6, or 12 hours. The technical specifications of

the ASEO-1 are as follows:

Channels ............. 50 0P ool oc Jto 6

Optical lever ........... . BRAPT 15 cm

Paper ..iiiiiiiiiiiiiiiieees «.. 40 strips, 20 x 45 cm
Recording speed ........... «.... 15, 30, 60, 120,

240 mm/sec

Record duration per strip ...... 3, 6, 1" hours
Total (40 strips) ..vveveve... 20 days

Power supply ......... Jocoplooo ol 220 V ac, 25 to 200 W
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5. Magnetic-Tape Recording Systems

Soviet seismologists make little use of magnetic-tape recording
and playback systems. A slow-speed, magnetic-tape-cassette recording
system for ocean-bottom seismographs was developed in the early 1960Cs
by seismologists at the Moscow State University. The cassette recorder
provides 2 to 4 channels of direct recording over a frequency range of
2 to 20 Hz. The transport runs at a speed of 1.2 mm/sec, providing up
to 150 hours of storase capacity on standard 6-mm tape. (Ocean-bottom
seismographs are described in more detail in Section I-E-12.)

A two-track direct-tape-recording system for registration of seismic
signals in the period range of 1 to 30 sec was also developed at the Moscow
University. The system records at the very low speed of 0.1 mm/sec
(0.004 ips) and has a dynamic range of 35 dB [23].

Direct recording on five-track 35-mm magnetic tape is used in the
Zemlya system, the earliest model of which was developed in the late
1950s. The Zemlya system is used primarily for the investigation of the
earth's crust and the upper mantle. The Zemlya recording speed is
1 to 3 mm/sec, the frequency range of signals is 0.5 to 20 Hz, and the
dynamic range is 40 dB. The Zemlya system is described in greater detail
in Section I-E-11.

The eight-track tape recorder in the Tayga system for deep seismic
sounding was developed in the »arly 1960s. Pulse-frequency modulat:on
is used to record explosion-generated seismic waves over the frequency
range of 2 to 200 Hz at the speed of 9 cm/sec. The center frequency
and percent modulation is 1.5 kHz * 66 percent [24].

a. KSE FM-Tape-Recording System. This eight-track, slow-speed

FM tape-recording system developed by the KSE (Multidiscipline Seis-
mological Expedition) in the late 1960s consists of an operational tape
recorder and a storage tape unit intended for the registration of seismic
signals in the frequency range of 0.01 to 15 Hz. The electrical outputs
from six signal, one timing, and one wow- and flutter-compensation
channels are recorded continuously on 19-mm tape by the operational tape
recorder at a transport speed of 1 cm/sec. The operational tape unit is

equipped with a one-minute delay loop, which makes it possible to transfer
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without a loss of first motion seismic events sufficiently large to

trigger the storage tape recorder. The 250-Hz carrier modulated up to

50 percent by seismometer output is converted to 125 Hz + S0 percent

to reduce crosstalk. The KSE FM tape-recording system is also discussed

in connection with the Hall-effect SGKD-0 seismograph in Section 1I1-C-11.
b. Obninsk PFM Tape-Recording System [25]. Few data are available

on the pulse-frequency-modulation tape-recorder developed at the Obninsk
Observatory in the early 1970s. It is a slow-speed 12-channel unit and
records on 12.7-mm-wide tape. Timing is provided by an unspecified
frequency signal recorded every second on one of the tracks. Another
signal from the time service is employed for tape speed compensation.
A multivibrator with a linearity of 0.1 percent and a stability of
0.01 percent per 1°C is used as the pulse-frequency modulator. Its
output is fed into a Bessel filter and a double T RC bridge tuned to a
frequency of 50 Hz.

c. Digital Tape-Recording Systems. The LMR-type digital tape

recorders are used for up to 8 hours of continuous recording of seismic
data in parallel on 17-track 35-mm magnetic tape at a packing density

of 10 words/mm and at a tape speed of 15.5 or 150 mm/sec. The latest
models, the LMR-3a and LMR-6, are designed for field and station

use, respectively. The LMR-4 inputs digitally recorded seismic data

into a computer at 2 higher tape speed. The LMR-3b tape recorder is

used for transcription and visual inspection of digitally recorded seismic

data acquired in the field. The LMR-6 is described in more detail in

connection with KOD digital-seismograph stations in Section III-A.
d. MSh-1 and MSh-2 [26]. The only data available on the MSh-1

and MSh-2 incremental digital recording systems are their packing
density, 5 words/mm, and their recording speed, up to 250 16-bit numbers

per second.
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E. SEISMOGRAPHS

1. SKM-3 Short-Period, High-Gain, Galvanometrically Recording

Seismograph System [1,27]

The SKM-3 seismograph system, consisting of two SVK!-3 and one SCKM-3
seismometers, three GK-VIIM galvanometers, and a PS-3M recorder, is the
standard short-period, high-gain set of instruments used for galvanometric
registration at Soviet ESSN (Unified Seismic Observation System) seismo-
graphic stations. The four magnification sensitivity (Sx) curves shown
in Fig. 20 are the recommended, standard magnification curves of such
SKM-3 systems. The selection of a particular magnification curve depends

on the seismic noise at the station.

5
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Fig. 20 -- Magnification curves of standard galvanometrically

recording SKM-3 seismographs [27]
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Table 3 gives the instrumental constants of SKM-3 seismographs

having the magnification curves shown in Fig. 20; in the table, Tq

is the seismometer period, DS is the seismometer damping factor, T

is the galvanometer period, Dg is the galvanometer damping factor,

g2

is the coupling coefficient, and v

" is the maximum magnification.

A more detailed discussion of instrumental constants, as well as numer-

ous other standard magnification curves of photographically recording

SKM-3 seismographs, appears in Part 1 of this Report.

Table 3 [27]

INSTRUMENTAL CONSTANTS OF SKM-3 SEISMOGRAPHS HAVING
THE FREQUENCY RESPONSES SHOWN IN FIG. 20

“he o, T,

Fig. 20 (sec) Ds (sec) Dg U Vmax
I 1.24 0.490 0.580 0.495 0.0703 10°
1.22 0.495 0.595 0.495 0.0176 5x10"
1.21 0.495 0.595 0.500 0.00430 | 2.5x10"
1.20 0.500 0.600 0.500 0.00109 | 1.25x10"
11 1.13 0.645 0.300 1.58 0.314 10°
0.94 0.545 0.360 1.90 0.0772 5x10"
0.91 0.510 0.375 1.97 0.0200 2.5x10"
0.90 0.505 0.380 1.99 0.0050 |1.25x10"
111 1.88 0.400 0.575 0.675 0.1990 10°
1.82 0.400 0.595 0.695 0.0484 5x10%
1.81 0.400 0.600 0.695 0.0121 2.5x10"
1.80 0.400 0.600 0.700 0.00302 | 1.25x10"
v 2.15 0.530 0.295 1.50 0.781 10°
1.74 0.530 0.370 1.84 0.160 5x10"
1.63 0.505 0.390 1.95 0.0390 2.5x10"
1.61 0.505 0.395 1.97 0.00968 | 1.25x10"

2. Standard Short-Period, High-Gain Visual-Recording

Seismograph Systems [1]

Two different standard short-period, high-gain, visual-recording

seismograph systems are used at ESSN seismograph stations.
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The first system, with a gain of between 20,000 and 50,000, consists
of: two KS-G and one KS-V, or two SGKM-3 and one SVKM-3, short-period

seismometers with TS = 1.5 sec and DS = 1.0; an IPR galvanometer ampli~-

fier with a parametric variable reluctance transducer, with the natural
period of the galvanometer between 2 and 4 sec and a damping factor of 1.0;
and an N-002, SPR, or PST heated-stylus recorder. A magnification curve

of such seismograph systems is shown 1n Fig, Z1.

PO

().6L Y T TR B [ B S W A O gt
.1 l.u 10 T,sec

Fig. 21 -- Magnification curve of the standard short-period
high-gain (vmax =2 x 10" to 5 x 10*) visual-

recording seismograph system consisting of KS
or SKM-3 seismometers, IPR amplifiers, and a
heated-styvlus recorder [1]

The second standard short-period, high-gain, visual-recording
seismograph system, with a maximum gain between 2 x 10° and 2.5 x 107,
consists of two KS-G an:l one KS-V, or two SGKM-3 and one SVKM-3, seis-
mometers with Tq = 1.5 sec and DS = 0.7 to 1.0; a UPN-3M amplifier;

and an N-002, SPk, or PST heated-stylus recorder. Thc magnification

curve of this seismograph system is the same as curve IV in Fig. 20.




3. USF-3M [1,2,27]

The seismograph system consisting of USF-3M seismometers, GK-VIIM

galvanometers, and a PS-3M recorder could be operated at a higher gain

(vmax = 180,000 at T = 0.6 sec) than any other galvanometrically recording

instruments in use in the Soviet Union in the late 1960s.

A magnifica-

tion curve of two horizontal-component seismographs consisting of USF-3M

seismometers, GK-VII galvanometerz, and a PS-3M recorder, operated at

the Novolazarevskaya station in 1969 at a maximum gain of 128,000, is

shown in Fig. 22,
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Fig. 22 -- Magnification curve of two horizontal-component

USF-3M seismographs operating at the Novolazarevskaya

station in 1969 [28]
T =1.5 sec

S
D =1.0
S
To = 0.54 sec
(=]
D =1.0
g
62 = 0.300
= 128,000




42

The frequency responses of the standard SKM-3 seismographs shown
in Fig. 20 can also be achieved with USF-3M seismometers and GK-VIIM
galvanometers. Table 4 gives the instrumental constants of USF-3M

sei1smographs with the magnification curves shown in Fig. 20.

Table 4 [27]

INSTRUMENTAL CONSTANTS OF GALVANOMETRICALLY RECORDING
USF-3M SEISMOGRAPHS HAVING THE FREQUENCY RESPONSES
SHOWN IN FIG. 20

Cuize TS Tg

Fig. 20 (sec) Ds (sec) Dg 02 Vmax
I 1.31 0.480 0.550 0.485 0.252 10°
1.22 0.490 0.580 0.490 0.062 5x10"
1.21 0.495 0.595 0.495 0.015 2.5x10
1.20 0.500 0.600 0.500 0.0050 | 1.25x10%
II = - - - >1 10°
1.07 0.625 0.320 1.67 0.253 5x10"
0.93 0.540 0.365 1.91 0.064 2.5x10%
0.91 0.515 0.375 1.97 0.0167 | 1.25x10%
III 2.02 0.395 0.535 0.750 0.612 10°
1.87 0.400 0.580 0.670 0.170 5x10%
1.82 0.400 0.595 0.690 0.411 2.5x10"
1.81 0.400 0.600 0.695 0.0102 | 1.25x10%
v 58 - — - >1 10°
2.10 0.535 0.305 1.53 0.65 5x10"
1.72 0.530 0.370 1.86 0.137 2.5x10"
1.63 0.510 0.390 1.97 0.0332 | 1.25x10"

The USF-3M seismometers are also used with the DFU phototube galva-

*
nometer amplifiers and the EPP-09 visual recorder.

*
No data are available on the EPP-09 recorder.
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4. USF-4

The USF-4 short-period, high-gain seismograph can be used with
photographic, visual, and magnetic-tape recording systems, and can be
operated at higher gain (liau any other Soviet short-to-intermediate-
period instrument, with the exception of the SBU-V vertical-component
borehole seismograph. No further data, other than the description in

Section I-A-4, are available on the USF-4.

5. VEGIK

Developed originally as a strong-motion instrument, the VEGIK
seismometer has found its main application in engineering seismology,
microscismic measurements, and seismology. When used in engineering
seismology it is coupled with portable light-beam oscillographs; for
seismic applications, mostly at regional and expeditionary seismographic
stations, it is used with the PS-3M recorder operated at speeds of
120 to 240 mm/min. The nominal values of the instrumental constants
of VEGIK instruments used at regional and expeditionary stations for
the registration of earthquakes are: Ts = 0.7 to 1.0 sac, DS = 0.4 to 0.5,
Tg = 0.065 to 0.10 sec, Dg =2 to 3, 62 = 0.1 to 0.4, Viax = 20,000 to
25,000. Several standard VEGIK magnification curves are shown in

Part I of this Report.

6. SM-2M and SM-3

Few data are available on the SM-2M and SM-3 seismographs. The
instrumental constants of an engineering system consisting of an SM-2M
seismometer and an ("SB-IMp light-beam oscillograph with GB-IV galvanom-
eters are [29]: TS = 1.5 sec, DS = 0.6, Tg = 0.2 sec, Dg =5,

v (normal magnification) = 13,000, and Tm = 0.03 to 1.0. The magnifica-
tion curve (not given) should be similar to that of the VEGIK seismograph.

The magnification curve of a high-gain system consisting of an SM-2M
seismometer with TS = 1 sec, an amplifying system including an integrating
circuit, and an unspecified photographic recorder with GB-IV galvanometers
(Tg = 0.07 scc) is shown in Fiq., 23 [30].

The magnification curve .. the SM-3 should differ little from that
of the SM-2M.
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7. S5S [31]

Although the S5S is usually used in strong-motion systems for the

registration of earthquakes of intensity III to VIII, the seismometer

1s also frequently coupled with an amplifier and a visual recorder

resulting in a medium-gain, intermediate-period system. The magnifica-

tion curve of one such system consisting of an S5S seismometer, a UPN-3

amplifier, and N-002 hot-pen recorder is shown in Fig. 24. The period

of the recording galvanometer pen is 0.08 sec.
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Fig. 24 -- Magnification curve of a seismograph consisting
of a S5S seismometer, UPN-3 amplifier, and a
N-002 heated-stylus recorder [31]
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8. Solion Seismograph

= 5 sec
s

=1.5
s

~ 9200
X
[32,33]

A solion seismograph, based on the principle of oxidation-reduction

*
ot clectrolyte, was developed in the late 1960s. The time frame of the

*
Soviet seismologists were apparently unawarz of the solion seismom-
eters developed and tested in the United States ir. the early 1960s.
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~olion short-period, three-component displacement seismometer consists
of a hollow fluoroplastic cylinder with two elastic membranes made of
chemically stable rubber stretched across its ends. A partition with
an opening at its center and with its plane perpendicular to the cylinder's
axis of rotation divides the cylinder into two equal chambers. Platinum
grid electrodes are located within the opening of the partition and
parallel to its plane. The cylinder is filled with a solution of potas-
sium iodide with a small amount of iodine. The electrodes and the
electrolyte form an oxidation-reduction system. A potential difference
of 0.6 V dc across the electrodes generates a dc current in the circuit;
in the absence of mechanical vibrations, the current reduces the iodine
molecules at the cathode to negatively charged iodide ions; the reverse
process occurs at the anode. Before the voltage is applied, the concen-
tration of iodine molecules in the electrolyte is completely uniform.
The dc current depletes the number of iodine molecules near the cathode,
and this loss is only partially compensated by the diffusion of iodine
from the electrolyte. Outside mechan®cal vibrations induce oscillations
of the frame and electrodes relative to the electrolyte, resulting in
variation in the concentration of iodine molecules near the cathode and
the appearance of an ac component of current. The frequency and amplitude
of the ac signal is proportional to the frequency and amplitude of forced
oscillations.
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